Pleiotropy and its dissection through a metabolic gene Miniature1 (Mn1) that encodes a cell wall invertase in developing seeds of maize.
The Mn1-encoded endosperm-specific cell wall invertase is a major determinant of sink strength of developing seeds through its control of both sink size, cell number and cell size, and sink activity via sucrose hydrolysis and release of hexoses essential for energy and signaling functions. Consequently, loss-of-function mutations of the gene lead to the mn1 seed phenotype that shows ∼70% reduction in seed mass at maturity and several pleiotropic changes. A comparative analysis of endosperm and embryo mass in the Mn1 and mn1 genotypes showed here significant reductions of both tissues in the mn1 starting with early stages of development. Clearly, embryo development was endosperm-dependent. To gain a mechanistic understanding of the changes, sugar levels were measured in both endosperm and embryo samples. Changes in the levels of all sugars tested, glc, fru, suc, and sorbitol, were mainly observed in the endosperm. Greatly reduced fru levels in the mutant led to RNA level expression analyses by q-PCR of several genes that encode sucrose and fructose metabolizing enzymes. The mn1 endosperm showed reductions in gene expression, ranging from ∼70% to 99% of the Mn1 samples, for both suc-starch and suc--energy pathways, suggesting an in vivo metabolic coordinated regulation due to the hexose-deficiency. Together, these data provide evidence of the Mn1-dependent interconnected network of several pathways as a possible basis for pleiotropic changes in seed development.